The bears are a fascinating group to analyze in an evolutionary context because of the remarkable variation in their adaptations. The largest species are about 10 times heavier than the smallest. The degree of sexual dimorphism ranges from species with none to those in which males are twice the size of females. Bears have evolved specialized niches as carnivores, herbivores, and myrmecophages, while retaining the functional ability to be omnivores. Pandas, which normally eat only 2 species of bamboo will still eat meat, while polar bears, which specialize in hunting seals, also eat berries. The home ranges of different species can range from less than 10 km2 to over 100,000 km2.
The present day distribution and abundance of the ursids is but an ephemeral reflection of an evolutionary path that began with the appearance of the first identifiable bear, the dawn bear, 20 million years ago in the early Miocene epoch (Kurten 1976 ). Consequently, a brief examination of the evolutionary history of moder bears may help in interpreting the available information on their present day behavioral ecology. The dawn bear was only about the size of a fox terrier, but even after 10 million years, its descendent Protursus, from the midMiocene of Europe, was only modestly larger.
About 5 million years ago in the mid-Pliocene the world climate became drier (Kurten 1976 , Guthrie 1984 
THE SIZE OF BEARS
The modem bears are all medium-to large-sized mammals, ranging from 27 kg for the female Malayan sun bear (U. malayanus) (Nowak and Paradiso 1983) to over 800 kg for an exceptionally large male polar bear in prime condition (DeMaster and Stirling 1981). The latter represents a remarkable increase in body size, relative to their small Miocene ancestor, the dawn bear, 20 million years ago. About 15 million years later, when Ursus minimus first appeared, it weighed approximately 50 kg, similar to the maximum weight of the male Malayan sun bear, the smallest of the present day ursids. Kurten (1976) noted that its canines were thin and sharp but the molars had already become enlarged and better adapted for feeding on vegetation, adaptations that together may have made it possible for the bears to evolve a large body.
Even when the smaller species of bears are included, the ursids are significantly heavier than all other families of carnivores (Gittleman 1985). Clutton-Brock and Harvey (1983) summarized 4 major advantages of large body size: the ability to produce large neonates or litters, reduction of relative heat loss, the ability to catch and handle larger prey or travel greater distances in search of food, and the ability to survive on qualitatively poorer food. Except for the production of altricial offspring in small litters, an anomaly imposed by physiological constraints (Ramsay and Dunbrach 1986), all these advantages were probably important to bears in the evolution of large body size.
Reduction of the ratio of surface area to volume with increased body size would have aided thermoregulation in an increasingly seasonal climate at higher latitudes. In this respect, the increased body size of bears was consistent with trends in other Ice Age mammals. In an analysis of the evolution of Ice Age mammals, Geist (1987) noted that speciation of cervids and caprids followed predictions made by his dispersal theory. In particular species that colonized higher latitudes with increasingly seasonal climates where productivity pulses became larger, became more ecologically plastic, and developed more ornate social organs (e.g., horns and antlers). In contrast, dispersal into lower latitude environments with less seasonal variability led to paedomorphism (i.e., the retention of primitiveness) and ecological specialization. As was the case for the ungulate genera studied by Geist (1987), the biggest bears were also north temperate species of the late Pleistocene, such as the cave bear of Europe and the short-faced bears of North America (Kurten 1976 It may be that bears were capable of broad ecological plasticity because the morphological adaptations of their teeth allowed them to evolve into a niche combining herbivory and predation (Kurten 1976 ). Their grinding post-canine teeth enabled them to process large amounts of vegetation in the seasonal pulses of high productivity. However, the digestive tract of extant ursids is not highly modified from that of other carnivorous mammals (Bunnell and Hamilton 1983), which may have influenced body size. In a study of digestibility of different diets by 2 captive brown bears, Bunnell and Hamilton (1983) demonstrated that digestive efficiency declined as the proportion of vegetation increased. In particular, they noted that cellulose was poorly digested, especially in comparison to meat. Similarly, Schaller et al. (1985) found that dry matter digestibility of bamboo leaves by pandas varied seasonally between only 12 and 23%. Pandas are able to obtain carbohydrates by digesting hemicellulose from the cell wall of the plants but, as in all bears, they cannot digest cellulose. In comparison, Sinclair (1975) found that ungulates living on green grass assimilate about 80% of their diet, including 40-60% of the cellulose and hemicellulose (Van Soest 1982). Guthrie (1984) noted that non-ruminants cannot usually extract all the necessary amino acids, fatty acids, vitamins, and other vital dietary constituents from 1 or 2 species of plants. Consequently, he speculated that as non-ruminants moved toward increasing proportions of vegetation in the diet, they probably had to move over larger areas to find a variety of plant species to provide all the requirements. The same would apply if there was only a small number of digestible species but they were widely distributed at low density, in discontinuous patches, or both. Although Guthrie (1984) was speculating about the evolution of ground sloths, the same could have applied to the ancestral ursids. As the non-ruminant bears evolved into a progressively more herbivorous niche, they would likely have needed larger home ranges to ensure an adequate vegetative food base and allow for seasonal and annual variation in its distribution and productivity.
A vegetative diet alone is not a sufficient stimulus to produce large size, as is illustrated by several successful taxa of small mammals. Small animals are more vulnerable to predation than are large ones so they need to remain adjacent to escape habitat such as holes in the ground, trees, or thick vegetation. To survive in open habitat, a mammal must be able to defend itself from predators or be fast enough to escape them. Consequently, as the body size of some bear species increased, they probably occupied more open habitat for longer periods, and were able to increase the proportion of vegetation in the diet. Their larger size also made them better able to defend themselves from predators. As the diet became progressively more vegetative, there would have been continuing pressure for body size to increase so enough vegetation could be ingested and processed to substitute for a high quality diet of animal material. Larger body size also made it possible to travel more in search of patchy food resources and to store and carry more fat with which to survive during periods of seasonal or unpredictable food shortage. With increased body size and well-developed canines, some bears were able to kill ungulates and other mammals, defend carrion from competitors, and protect themselves from other predators. Through this unique combination of being able to be predators, scavengers, and herbivores, they were able to exploit several food bases.
Small predators are restricted to small prey, so that one benefit of being large is that an animal can kill both small and large prey (Gittleman 1985). For example, brown bears are capable of taking advantage of relatively small animals such as ground squirrels and salmon in circumstances where their abundance makes such behavior energetically or nutritionally worthwhile (e.g., Stonorov and Stokes 1972, Murie 1981). Even so, the ratio between the size of the bear and its prey may be misleading since the predator's large size may be necessary to move heavy stones or earth to catch ground squirrels or to stay warm while standing in cold water for protracted periods while fishing for salmon. In the case of the more carnivorous bear species, their maximum size may have been influenced by the maximum size of generally available prey, as will be discussed belpw.
SEXUAL DIMORPHISM
Sexual dimorphism is strongly associated with polygynous breeding and is classically thought to result from sexual selection. Trivers (1972) proposed that variation in the degree of parental investment was the principal factor that determined if an animal bred monogamously or polygynously. However, in a subsequent review, Ralls (1977) noted that much of the theory about the evolution of sexual dimorphism was based on avian models and was not as applicable to mammals. In particular, she found that although a high degree of investment in the BEARS THEIR BIOLOGY AND MANAGEMENT offspring by both parents was a good predictor of monogamy, the converse was less reliable. In addition, the degree of parental investment does not explain why sexual dimorphism has evolved more frequently in large mammals than in small ones. Sexual dimorphism in body size is present in all the modem ursids except possibly the sloth bear, for which there are too few data available to be certain (Table 1) . As far as we have been able to determine, sexual dimorphism characterized most of the extinct Pleistocene bears as well.
In general, sexual dimorphism increases as species become larger (Clutton-Brock et al. 1977 ). Although quantitative weight data are not available for most bears, sexual dimorphism tends to increase with size in the 3 species of North American bears (Fig. 1) . However, in the 3 North America species, the development of sexual dimorphism is only significantly different between black and polar bears (Tukey's test P < 0.05). It is also particularly interesting to note that a similar pattern of increasing sexual dimorphism in relation to increasing body size is present in North American brown bear populations (Fig. 1) .
The bears did not develop anything resembling the antlers of the Ice Age ungulates (Geist 1987). However, we suggest the significant development of sexual dimor- Table 2 ). Ramsay and Stirling (1986) speculated that intense intrasexual competition between male polar bears for females, caused by the somewhat unpredictable distribution of females on the moving sea ice and the consequent inability of males to defend areas that would reliably include oestrus females, resulted in greater intrasexual competition for females than is found in terrestrial bears. Further, they suggested that the marked sexual dimorphism in polar bears is a consequence of the intense intrasexual competition between males for breeding opportunities with females. However, their hypothesis does not explain the apparently similar degree of sexual dimorphism exhibited by some populations of brown bears ( Fig. 1) , or the extinct terrestrial European and Florida cave bears (Kurten 1966 (Kurten , 1967 ). An alternate hypothesis is that the large terrestrial Pleistocene bears, the large-bodied populations of brown bears, and the polar bear simply reflect the trend toward greater dimorphism with increased body size (CluttonBrock et al. 1977) .
One other ecological factor may have had a significant influence on the development of sexual dimorphism in the bears. Clutton-Brock and Harvey (1978) reported that within the primates, sexual dimorphism is greater in terrestrial than in arboreal species. They suggest this is because increased weight does not influence intersexual competition for food in ground dwelling species. In contrast, if males of arboreal species were larger than females it might put them at a competitive disadvantage when feeding on thin stems or the ends of branches. This may also be a factor influencing sexual dimorphism in bears. Even though there are few reliable data on weights of adult male and female sun bears, sexual dimorphism is reduced and both are apparently quite arboreal (Laurie and Seidensticker 1977). Male and female sloth bears and giant pandas are of similar size and both are capable climbers, though they mainly feed on the ground. Finally, the least sexually dimorphic of the 3 North American ursids (Fig. 1, Table 1 ), the black bear, also makes the greatest use of trees. The spectacled bear and Asiatic black bear exhibit a similar degree of sexual dimorphism to the American black bear (Table 1) , feed arboreally in some areas, make nests in trees to aid feeding, and sometimes rest in the nests as well (Schaller 1968, Peyton 1980). The spectacled bear is much less sexually dimorphic than was its extinct nearest relative (Table 1) , which may have been influenced by feeding arboreally.
BEARS AS PREDATORS
The degree of active predation by the 3 bear species found in North America varies from the carnivorous polar bear to the less predatory brown and black bears. Throughout the carnivores, there is a strong correlation between the size of a predator and the size of its prey (Rosenzweig 1966 , Gittleman 1985 , Vezina 1985 , Earle 1987 ) that, at first glance, might not appear to apply to the bears. For example, the polar bear seems 'oversized' when compared to its major prey, the ringed seal (Phoca hispida) (Fig. 2) . Similarly, brown bears in several areas make extensive use of small prey. However, when the weight of each species of bear is plotted in relation to the weight of the largest prey it is now known to take regularly, the relationship for solitary carnivores derived by Earle (1987) fits fairly well (Fig. 2) Boertje et al. (1988) reported that adult male brown bears killed an average of 3.3 to 3.9 adult moose (Alces alces) (400-500 kg) per year whereas lone adult females killed significantly fewer (0.6-0.8 moose/year). Female brown bears with cubs killed no adult moose. All classes of bears killed moose calves but females without cubs killed at a higher rate than did the other 2 groups. In the area studied, brown bears were primary predators of moose and killed 4 times more animal biomass than they scavenged. Mysterud (1973) to volume, and heavier deposits of fat on adult bears (particularly males and pregnant females) mean they can run much shorter distances than subadults because they overheat more quickly and are unable to dissipate heat quickly enough to be able to continue high levels of exertion. Although there are no data available at present to compare the cost of locomotion of brown and black bears, we suggest that it would also be easier for smaller and leaner subadults to run longer distances than adults. If so, this would probably mean that larger animals would make most of their kills after a short burst of running from ambush, similar to the lion (Panthera leo Figure 2 . We suggest that body size and energetics are significant factors in determining how bears of different body sizes hunt ungulates. Learning is probably also important. We predict that most kills made by adult males will be after a short rush from ambush or after stalking to close range and that most kills that require a longer chase will be made by adult females with cubs and by subadults. There is some support for this hypothesis. Cole (1972) noted that subadult or subordinate young bears appeared to be the most effective predators on elk (Cervus canadensis). He also reported separate incidents of elk being killed by 2 subadult bears hunting together in chases that lasted 15 and 20 minutes each. On the Alaskan North Slope, only 1 of 17 brown bears of known age and sex observed chasing caribou was an adult male (Reynolds and Garer 1987). The remaining 16 chases were made by adult females and subadults.
For the omnivorous bears, sexual dimorphism does not appear to confer benefits in the area of resource segregation (Bunnell and Tait 1981). However, in the North American bears, sexual dimorphism appears to become more pronounced with increasing predatory behavior (Fig. 1) . Rails (1976) suggested that sexual dimorphism could be related to niche exploitation as well as to a polygynous breeding social system. Sexual dimorphism in birds of prey is thought to function partially to separate niches and reduce intersexual competition (Selander 1972). We suggest partial niche separation of males and females could be important in the predatory bears and may also have influenced the development of sexual dimorphism. As already noted above, adult male brown bears kill far more adult moose than do lone females, whereas the reverse is true for the killing of moose calves. In the case of the sexually dimorphic and polygynous polar bear (Ramsay and Stirling 1986), the adult males appear to prey most frequently on bearded seals and occasionally kill white whales. From data collected throughout the Canadian Arctic, 93% (14/15) of the bearded seal kills that were found while still in the possession of a polar bear were being consumed by adult males. The other forest dwelling bears are able to climb trees although the extent to which they do so varies. Spectacled bears and sun bears are excellent climbers and feed arboreally. Sun bears lack hair on the soles of their feet, which has been suggested to be an adaptation to aid climbing (Bunnell 1987). Although pandas feed predominantly on the ground, unattended young are still vulnerable to predation (Schaller et al. 1985) . They use trees for escape habitat under some circumstances, including when harassed by courting males, but the presence of leopards (Panthera pardus), which are known to kill pandas occasionally, may reduce the overall value of that escape strategy.
The subtropical sloth bear is also an expert climber but the cubs remain on the ground when the female is in a tree. If threatened, the female leaves the tree immediately and flees on the ground, her cubs sometimes departing ahead of her (Laurie and Seidensticker 1977). They attribute this behavior to the presence of the leopard, a significant arboreal predator, which sometimes kills sloth bears (Kurt and Jayasuriya 1968). Consequently, climbing a tree is ineffective for escape and might make the bear more vulnerable to predation. They also note that large ungulates are more likely to stand and fight predators, or attack them, than run away. They suggest the presence of elephants (Elaphus maximus) and rhinoceros (Rhinoceros unicornis), which are capable of pulling down or pushing over even medium-sized trees, further reduce their value as escape habitat for sloth bears. Despite its small size, the sloth bear is known to attack humans if surprised and is regarded as dangerous by local people (Laurie and Seidensticker 1977). Like the much larger brown bears, aggressive behavior may be a consequence of not being able to rely on trees for escape.
Interspecific competition from mammals other than bears may have played a significant role in preventing bears from invading some areas. Alternatively, an absence of competitors for a particular niche may have facilitated evolution and dispersal. For example, the sloth bear apparently was able to enter the myrmecoph- Home ranges of bears, for which data are available, are extremely variable (Table 2) and have a high degree of overlap with conspecifics. In most cases, this probably indicates that resources are widely distributed and not defendable. Group defence of a home range would probably not be any more energetically beneficial since it is unlikely the defendable area would increase enough to support a group of bears.
Intraspecific competition for patchy and ephemeral resources, and the evolution of a largely vegetarian diet, which necessitates a large food intake because of a nonruminant digestive tract, likely acted against the formation of large social groups of bears. Groups of bears would be likely to exhaust food patches more quickly than individuals so they would have to move more frequently in search While feeding on a vegetarian or omnivorous diet, individual bears are capable of sustaining and protecting both themselves and their cubs in most circumstances without the assistance of conspecifics. Consequently, there is little apparent nutritional benefit in becoming more socially developed. Even in the completely carnivorous polar bears, the small size of their major prey item, ringed seals, probably negates any potential advantage from hunting as a group or sharing a kill with any conspecific except offspring. Like brown bears hunting ungulates, the rate at which polar bears are able to kill large prey such as bearded seals or odontocete whales does not appear to be frequent enough to stimulate the development of group hunting. Nevertheless, large numbers of polar bears will scavenge together at whale carcasses or dumps, as do brown or black bears, though in those circumstances each animal still behaves independently.
Lastly, in contrast to lions, many past and present ursid species hibernate and this may restrict the development of sociality. By way of analogy, there is a fairly wide range in the development of sociality in ground squirrels. Apparently what characterizes the most social species is a prolonged association between adults and subadults that can only occur with short, or absent, periods of hibernation (Armitage 1981). Even though some pres-ent-day bears may not hibernate in warmer regions, their herbivorous diet in a forest environment does not lend itself to the development of sociality as discussed above.
In contrast to the varied diet of omnivores such as black bears, more than 99% of the diet of the giant panda consists of stems, branches, and leaves of only 2 bamboo species (Schaller et al. 1985) . There is seasonal variation in the use of each species and the parts of the plants that are eaten but, since bamboo grows year-round at high density, pandas can normally obtain all their metabolic requirements within much smaller areas than other species of bears (Table 2) . This is probably strongly influenced by the additional fact that there is no seasonal variation in bamboo quality (Schaller et al. 1985) . Thus, there is no need for the panda to either change diet or hibernate. Even so, they show little social organization.
Probably 
MANAGEMENT IMPLICATIONS
It is not possible to predict the direction in which bears may evolve but it is obvious from the generation time involved that change will be slow. Large species evolve more slowly because of low rates of reproduction and high rates of extinction (Stanley 1979). This may not bode well in a world which appears to be changing ever more quickly, especially when, as Peters (1983:196) has noted, "Evolution has favored smaller species, and large size tends to be an evolutionary dead end".
All extant populations of bears have been hunted, displaced from habitat, or impacted in some other way by the presence of man. It is difficult to assess the effect this may have had on the evolution of the moder bears but it has probably influenced aspects of their leaned behavior such as movement patterns and diet preferences. As the habitat available for bears continues to decrease, we reduce the genetic variability that remains available to the species. This may alter the pattern of natural selection because genetic drift increases in smaller populations (Allendorf 1983).
Large carnivores are sensitive indicators of ecosystem health and could be used to define the minimum area necessary to preserve intact ecosystems (Eisenberg 1980). However, it is estimated that areas in excess of 106 km2 are required for mammals 50 kg and larger to persist through evolutionary time (i.e., 105 to 106 years) (Belovsky 1987). This estimate assumes a scenario of no major climatic change. It is clear that bears will never regain the vast expanses in which they evolved, so it is vital for us to ensure that the remaining populations have large enough areas of appropriate habitat. Yet, it is also apparent from the size of the home ranges of most species of bears (Table 2 ) and the minimum population sizes required to maintain an adequate genetic pool that large geographic areas will be required if bears are to survive. Solution of this dilemma will require creative thinking. Somehow, we will need to delineate and manage large areas of the most optimal remaining wild and semi-wild habitat for a variety of equally important priorities, one of which is the conservation of large carnivores, including bears. 
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